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DRYER, DRYING METHOD AND DRYING PLANT 
Field of the Inveation 

The present invention relates to a dryer, a drying method and a drying plant, each for use in 
5 drying particulate material. The invention particularly relates to a dryer, dr>dng method 
and drying plant for use in drjdng pellets containing low rank carbonaceous material, such 
as brown coal, peat, certain soft lignites, anaerobically decomposed plant matter, or any 
combination thereof. 

1 0 Background of the Invention 

Low ranJc carbonaceous materials, such as brown coal, are a basic energy source in many 
regions of the world. The use of such materials for the provision of energy is often 
convenient due to their abundant supply and location in the vicinity of energy 
requirements. However, as a result of liigh moisture content of such materials they are of 

15 relatively low energy value and have relatively high mass to energy content ratio. This 
means that it is often not economically viable to transport such materials far from where 
they are deposited and that miless deposits are located close to the surface they may not 
constitute a viable energy source. Furthermore, the high moisture content of such materials 
means that their combustion is not clean and gives rise to more unwanted combustion by- 

20 products than combustion of higher ranlc carbonaceous materials. There is therefore a need 
to develop efficient means for reducing the moisture content of such materials. 
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For example, Australian Patent Nos. 561,586 and 588,565 disclose processes for treating 
brown coal by subjecting the material, with or without the addition of water, to shearing 
forces to produce a plastic mass, from which pellets are fonned by extrusion. The pellets 
are then subjected to a drying step using air at or near ambient temperature. 

5 

Earlier work by the present inventor, as disclosed in Australian Patent No. 636,847 has 
involved the use of brown coal containing pellets as feed for the production of chai- by 
pyrolysis or in the reduction of iron ore. Such pellets when first formed need to undergo 
air drying to remove a significant proportion of water before undergoing high temperature 

0 treatment. The drying must be performed slowly so as to not undermine the structural 
integrity of the pellets, and can take up to several days. Moreover, because the pellets have 
a relatively low intrinsic economic value, capital, handling and operating costs should be 
minimised. Furthermore, the large tonnages of the pellets required to be dried, are 
typically stored in open air heaps and adequate air circulation to all pellets during drying 

5 can be problematic. 

Different approaches to the drying of granular or particulate materials have been disclosed 
m US Patent No. 5,233,766 and International Patent Publication Nos. W097/25295 and 
WO2004/04886S. US 5,233,766 discloses a dryer having a substantially vertical chute 
with a top and a bottom and at least two walls with air-pervious containment means for 
containing granular material, allowing an air stream to pass through at least portions of the 
chute. W097/25295 discloses a device for aerobic treatment, conditioning and/or drying of 
a moist substantially solid or paste-like material that has a vessel with paired Venetian- 
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blmd-like walls, preferably with adjustable blades, and having air inlet and discharge 
chambers. WO2004/048S68, which was published on 10 June 2004, discloses a 
continuous gravity flow apparatus for heating and/or drying particulate material that is 
vertically disposed and has a top and a bottom with a flow passage for the particulate 
5 matenal between cylindrical outer and inner housings that have perforated wall sections. 

There is a need for a method, apparatus and plant for drying particulate materials, such as 
pellets comprising low rank carbonaceous materials, wliich overcome or at least alleviate, 
one or more disadvantages of the prior art. It is m view of this background that the present 
0 invention has been conceived, which may offer advantages over prior art approaches in 
terms of efficiency of drying, structural integrity of product produced and minimisation of 
capital, handling and operating costs, for example. 

Summary of the Invention 

5 According to one embodiment of the present invention, there is provided a dryer for drying 
particulate material, comprising at least one substantially vertical elongate contamer 
having: 

an upper inlet for receiving a charge of moisture containing particulate material; 

a lower outlet for discharging dried particulate material, whereby said particulate 
material ti avels under the influence of gravity from said inlet to said outlet; 

at least one substantially vertical gas permeable wall through which a drying gas 
can pass to contact said particulate material; 
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said di-yer also comprising at least one plenum on an exterior surface of said at least one 

/ 

gas permeable wall, covering ingress and egress openings within said at least one gas 
permeable wall. / 

/ 

/ 

5 The present nivention also provides a method of drying a particulate material using the 
dryer described in the preceding paragraph. Preferably the particulate material is pellets 
containing brown coal. 



The present invention also provides a plant for drying a particulate material including the ^ 
1 0 dryer described above. 



According to another embodiment of the present invention there is provided a drying plant ^ 
comprising: r" 

m 

o 

15 (a) a conditioning bed for subjecting moisture containing particulate material to O 
surface conditioning; 

(b) at lest one conveyer for conveying said surface conditioned material to an inlet of a 
dryer as described above; 

20 

(c) a collection surface for retrieving dried particulate material from the dryer; and 

i 

/ 

(d) a particulate material remover for removing dried particulate material from said 
collectior/surface. 

25 

le present invention further provides a drying cell for use in the dryer described above. 
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said dryer also comprising at least one plenum on an exterior surface of said at least one 
gas permeable wall, covering ingress and egress openings within said at least one gas 
permeable wall. 

According to another embodiment of the present invention there is provided a dryer for 
drying particulate material, comprising at least one substantially vertical elongate container 
having: 

an upper inlet for receiving a charge of moisture containing particulate material; 

a lower outlet for discharging dried particulate maierial, whereby said paniculate 
material travels under the influence of gravity from said inlet to said outlet; 

two substantially vertical and opposed gas permeable walls through which a drying 
gas can pass to contact said particulate material; 

said dryer also comprising plenums on exterior surfaces of said gas permeable walls, 
covering ingress and egress openings within said gas permeable walls, wherein the 
plenums are divided into zones of differing air stream properties. 

The present invention also provides a method of dr>'ing a particulate material using the 
dryer described in the preceding paragraph. Preferably the particulate material is pellets 
containing brown coal. 

The present invention also provides a plant for drying a particulate maierial including the 
dryer described above. 
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According lo another embodiment of the present invention there is provided a drying plant 
comprising: 

(a) a conditioning bed for subjecting moisture containing particulate material lo 
5 surface conditioning; 

(b) at lest one conveyer for conveying said surface conditioned material to an inlet of a 
dryer as described above; 

10 (c) a collection surface for retrieving dried particulate material from the dryer; and 

(d) a particulate material remover for removing dried particulate material from said 
collection surface. 

15 The present invention further provides a dry ing cell for use in the dryer described above. 



Amended Sheei 
IPEA/AU 
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According to a further embudiment of the present invention there is provided a dryer for 
dr>ang pellets of brown coal comprising at least one substantially vertical elongate 
container having: 

an upper inlet for receiving a charge of brown coal containing pellets; 

a lower outlet for discharging dried pellets of brown coal, whereby said pellets 
travel under the influence of gravity from said inlet to said outlet; 

two opposing substantially vertical gas permeable walls through which a dr>dng gas 
can pass to contact said pellets; 

said drj'er also comprising plenums on external surfaces of the gas permeable walls 
covering ingress and egress openings within the gas permeable walls, wherein the plenums 
are divided into zones of differing air stream properties and wherein the direction of drying 
gas flow tlirough the charge of brown coal containing pellets is reversed from one plenum 
zone to an adjacent plenum zone; the diyer comprising lateral internal membrane walls 
joining opposing gas permeable walls that divide the dryer into a plurality of adjacent cells. 

Brief Description of the Figures 

The invention will be described by way of example only, with reference to the drawings, 
wherein: 

Figure 1 is a perspective view of a first embodiment of a dryer according to the 
invention; 

Figure 2 is a partial cross-section of the lower part of the dryer of Figure 1 ; 
Figure 3 is a perspective view of a second embodiment according to the invention 
comprising a series of dryer cells; 
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Figure 4 is a perspective view of a segment of louvred wall for use in the 

construction of a dryer in accordance with the invention; 
Figure 5 is a cross-section of the segment of louvred wall shown in Figure 4; 
Figures 6a and 6 are schematic drawings of a drying plant in accordance with the 
5 invention; 

Figure 7 is a schematic drawing of a third embodiment of a diyer of the invention. 

Detailed Description of the Invention 

Throughout this specification and the claims which follow, unless the context requires 
10 otherwise, the word "comprise", and variations such as "comprises" and "comprising", will 
be understood to imply the inclusion of a stated integer or step or group of integers or steps 
but not the exclusion of any other integer or step or group of integers or steps. 

The reference to any prior art in this specification is not, and should not be taken as, an 
15 aclcnowledgment or any form of suggestion that that prior art fonns part of the common 
general laiowledge in Australia. 

The dryer of the present invention includes at least one substantially vertically orientated 
elongate container having an upper inlet, for receiving the charge of moisture containing 
20 particulate material, and a lower outlet for discharging the particulate material after drying. 
The inlet and outlet are tj^pically open to allow for substantially continuous throughput of 
the particulate material. 
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T>T3ically, the dryer does not require inlet or outlet flow control valves. The outlet is 
preferably spaced a predetermined distajice from a collection surface. Typically, the outlet 
is vertically spaced above the collection surface. Preferably the dried material leaving the 
outlet discharges under the influence of gravity onto the collection surface, such as an 
apron, and the flow of the paniculate material stops once the mound of material collected 
on the surface achieves its natural angle of repose. At this stage, some or all of the mound 
of material can be removed, either manually or preferably automatically (such as by using 
a travelling scraper) which allows more material to flow from the outlet until the natural 
angle of repose is again achieved. Preferably, the feed of moisture containing particulate 
material to the upper inlet is controlled so as to keep the level of particulate material 
approximately constant as it is removed from the outlet. Preferably the rate of material fed 
into the upper inlet will approximate the rate of material passing from the lower outlet, 
with inflow and outflow rates being adjustable depending on the desired residence time of 
the material within the dryer. Desirable residence times can range between about 3 hours 
and about 4 weeks, preferably between about 6 hours and about two weeks, more 
preferably between about 12 hours and about 4 days and most preferably between about 24 
hours and about 72 hours, such as about 48 hours, for example. The desired residence time 
can be detemiined based upon a number of factors including the nature of the particulate 
material, the moisture content of the material, the intended end use of the material, the 
temperature, humidity and rate of flow of drying gas and the ambient temperature, pressure 
and wind conditions. Processing conditions within the dryer can be standardised at least to 
some extent by housing the dryer in an environment where it is protected to some extent 
from fluctuations in weather conditions. 
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The dryer of the invention also includes at least one substantially vertical gas permeable 
wall tlu-ough which a drying gas can pass to contact, and dry, the particulate material. 
Preferably, the dryer includes at least two opposed, substantially vertical permeable walls. 
5 Depending on the nature of the particulate material, the walls may advantageously be at a 
slight angle to the vertical such that the cross-sectional interior area of the container 
increases from its top to its bottom. Such an arrangement is preferred where the particulate 
material does not shrink upon drying because it minimises or prevents "bridging" of the 
material and consequential obstruction of material flow. However, angled vertical walls 
10 may not be necessary where the particulate material comprises low rank carbonaceous 
material, because such material shrinks upon drying and the bridging effect is minimised. 

The at least one gas permeable wall preferably includes a plurality of openings 
therethrough. The openings are preferably of a size such that the drying gas is able to pass 

15 into and out of the container but such that the particulate material cannot pass tlirough the 
openings. The following discussion will focus on the use of air as the drying gas, however, 
it is to be understood that other suitable gases (for example, CO2, N2, etc. which may be 
derived from combustion waste gases) could instead be used. Preferably the drying gas is 
either directly derived fi'om another industrial process that produces suitable gas or is 

20 recycled from eai lier use in the dryer or from use in another section of the drying plant. If 
using recycled drying gas it is preferred to incorporate a desiccator or refrigerator within 
the gas flow after exit from the air outlet to de-humidify the gas. Tliis is also a convenient 
way of recovering water that may then be put to another use. In the case where the drying 
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gas is heated above ambient temperature this will preferably be achieved using waste heat 
from another industrial process. 

Preferably, the or each permeable wall includes a plurality of vertically spaced, 
substantially horizontally orientated slats, such that the drying gas (eg. air), but not the 
particulate material, is able to pass tlirough the openings between the slats. More 
preferably, each slat is joined to adjacent slats at intervals along its length in order to 
improve the mechanical strength of the permeable wall. More preferably, each peraieable 
wall comprises a plurality of vertically spaced, horizontally orientated louvres having 
openings therebetween. 

More preferably each pemieable wall comprises a substantially continuous corrugated 
plate, wherein each corrugation comprises a supporting leg and a pemieable leg angled 
with respect to each other. The supporting leg bears most of the load of the particulate 
material inside the container. The permeable leg has openings therethrough for ingress and 
egress of gas and joins adjacent supporting legs. 

Preferably, the supporting and permeable legs are arranged at an angle of about 90° to each 
other. More preferably, the supporting legs are wider than the pemieable legs. 

In use, air passes into the container via gaseous ingress openings in the at least one 
permeable wall, through the charge of particulate material and exits through egress gaseous 
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openings in at least one permeable wall. In one embodiment, the ingress openings and 
egi'ess openings are respectively provided in opposed penneable walls. 

Preferably, air is sucked into the container typically under the influence of an induced fan. 
The induced fan is t>'pically positioned downstream of the egiess openings. One or more 
air plenums may be provided on the exterior surface of the permeable walls and these 
preferably cover the egress openings. Air plenums allow the physical properties of the air, 
such as flow rate, temperature, pressure, etc. to be controlled. Preferably, one or more air 
plenujns also cover the ingress openings. The, or each, air plenum covering the ingress 
gaseous openings typically includes at least one air inlet and the, or each, air plenum 
covering the egress openings typically include at least one outlet. Preferably the at least 
one outlet includes one or more air extract ducts. Preferably air is drawn into the inlets 
under action of an air circulator, such as an induced draft fan. Advantageously, the air 
stream is at ambient or liigher temperature. Preferably the air temperature is between 
about 15°C and about 80°C, more preferably between about 25°C and about eO^'C, 
Preferably the, or each, inlet air plenum is provided on the exterior of one pemieable wall 
and the, or each, outlet air plenum is provided on the exterior of an opposing permeable 
wall, such that the air stream passes through the full thickness of the particulate charge, 
thereby maximising surface area contact of the charge with the air stream. For most 
embodiments, adequate air flow through the particulate charge is achieved by suction, such 
as by using an induced fan as described above. However, imder some circumstances, it 
can be advantageous to force air into the ingress openings under pressure. Such 
circumstances include the situation where external air is leaking into the particulate charge, 
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for example at the open, upper inlet. External leakage from the atmosphere can be avoided 
when the pressure of air being fed into the ingress openings is substantially equal to or 
higher than atmosplieric. 

5 The, or each, plenum may be sub-divided into a number of zones of differing air stream 
properties - such as velocity, direction of flow, temperature or pressure. The. or each, 
plenum may be subdivided horizontally, with the volume of each successive zone 
increasing from the top of the container to the bottom. Such an arrangement may be 
advantageous where the cross-sectional interior area of the container increases fi-om the top 

0 to the bottom, as it allows a successively higher flow rate of air to be introduced to the 
charge to accommodate the increasing bulk of charge going from the top to the bottom. 

In an alternative embodiment, the direction of air flow through the particulate charge may 
be reversed from one plenum zone to an adjacent plenum zone. This may be achieved by 
) providing an air circulator in alternate plenum zones, such that air is sucked in a first 
direction from one plenum zone, tlu-ough the charge mto an opposing plenum zone, then 
into an adjacent plenum zone and back through the charge in a second, reverse direction, 
and so on. In this manner, the air flow path "zig-zags" back and forth throughout the 
height of the charge. The dryer may have one or more air flow paths, but preferably has 
only a single air flow path with a single air inlet and a single air outlet. Air exiting the 
dryer through the air outlet may be passed through a desiccator or refrigerator to recover 
moisture removed from the particulate charge. The air exitmg the dryer is preferably 



wo 20(>5/(»2S977 



PC T7AIJ2(MM/()0]3I9 



- 12- 

passed through a heat exchanger (preferably using waste heat fiom another industrial 
process) to preheat it before being recycled back to the air inlet of the dryer. 

The height of the dryer is typically significantly greater than its width. Typically, the ratio 
of height .width is greater than 2:1, preferably at least 3:1, and can be as high as about 5:1. 
However, in some embodiments the ratio may exceed 5:1, such as 10:1 or 15:1. A 
relatively liigh ratio of height:width has the advantage of reducing the air path tlirough the 
dryer (from one side of the dryer to the other) and lowers the resulting air pressure drop. 
The high ratio also minimises leakage of air into the dryer through the open inlet or outlet 
at the top and bottom, respectively. In one embodiment of the invention the dryer is 7.5m 
high and 2,5m wide, whereas in another embodiment the dryer is 12m high and 1.2m wide. 

The container wall/s ai-e preferably tapered inwardly towards the inlet and outlet. A 
tapered outlet assists in controlling the rate of discharge of the dried material. A tapered 
inlet enables the top of the bed of particulate material to form a mound. Preferably, the 
distance from the apex of the mound of particulate material to the uppemiost gaseous 
openings is greater than the width of the particulate bed. Such a relationship enhances the 
effective ingress and egress of air through the gaseous openings rather than by lealcage 
from the atmosphere through the open top of the dr>'er. Leakage of air through the top of 
the particulate bed can be ftirther reduced by biasing the pellet feed towards the air outlet 
side of the dryer. Preferably also particulate material being fed into the dryer does not 
need to drop more than about 3 metres, preferably not more than about 1 metre, to the apex 
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of the mound of particulate material witliin the dryer. In this way fracturing and 
disintegration of the particulate material entering the dryer will be minimised. 

Where the dryer of the present invention is to be used to dry large volumes of particulate 
material, the structure of the dryer preferably includes lateral reinforcement. Such a 
structure typically includes lateral supporting members joining opposing pemieable walls. 
The supporting members may comprise one or more internally disposed stmts laterally 
spaced along and joining the opposed permeable walls. However, where the dimensions of 
the dryer are significantly high, the supporting members are preferably one or more 
internal membrane walls which extend partly or along substantially the entire height and 
width of the container and effectively subdivide the interior volume of the container into 
two or more cells. 

In a particularly preferred embodiment of the dryer, for use in an industrial apphcation, the 
dryer comprises a plurality of adjacent cells, which are separated at substantially regular 
intervals by internal membrane walls. Each membrane wall extends the entire height and 
width of the dryer, so as to effectively isolate the interior of each cell from each other. 
These membrane walls provide lateral support for the dryer and thereby enhance the 
overall mechanical strength of the dryer, as well as serving to segment the air flow paths 
within the drier. 

The construction of an industrial scale dryer described above is advantageously effected by 
the assembly together of a number of unit cells of predetermined dimensions. Each unit 
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cell typically includes tw^o opposing louvred walls, which are preferably substantially 
vertical, with their respective bases and/or tops being angled towards each other, and two 
opposing membrane walls, joining together the respective lateral sides of the louvred 
walls. Typically, adjacent unit cells share a common membrane wall. The unit cells are 
preferably assembled together into a support structure such as a structural module to enable 
the positioning of the assembly in the desired orientation and height from ground level. 

The present invention also extends to a drying plant including the di*yer described above. 
The drying plant is particularly adapted to producing dried, low rank carbonaceous 
material (especially brown coal) containing pellets and the following discussion will focus 
on that application. However, it is to be understood that the diying plant is not restricted to 
that application. 

The drjdng plant includes: 

a conditioning bed for subjecting brown coal containing pellets to surface 
conditioning and maturing to improve fracture resistance; 

conveyors for convejang the surface conditioned brown coal containing pellets to 
an inlet of a dryer according to the present invention; 

a collection surface for receiving dried pellets from the outlet of the dryer, said 
collection surface being positioned so as to allow said dried pellets to be collected, 
and to form a mound having a natural angle of repose; 
a pellet remover for removing said pellets from said collection surface. 
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The di>ang plant typically also includes a compactor for the production of brown coal 
containing compacted bodies. The compactor may comprise any suitable means by which 
the brown coal is fonned into compacted bodies. Typically, the compactor will include a 
mixing / attritioning device and a pelletiser, preferably an extruder. The brown coal, 
preferably in the form of fines (for example having average particle diameter of about 0.5 
to about 1 0mm, preferably about 2mm to about 6min) is mixed, if necessary, with water, 
binders and any other components (for example, metal containing material such as iron 
oxide waste). In the coiurse of this mixing the coal is exposed to shear forces that not only 
result in attritioning of the coal particles, but also result in generation of a plastic mass of 
material that is then fed to the extruder, where it is fonned into pellets of the desired size. 

The mixing / attritioning is generally conducted for between about 30 sec and about 2 
hours, preferably for between about 1 min and about 30 min, most preferably between 
about 2 min and about 5 min, which should be sufficient to allow visible sign of "balling" 
of the coal to occur. The shear forces applied to the coal should be sufficient to cause 
water to be released form the cellular structure of the coal. For example a signia-type 
kneading macliine operating at low speed (eg. 20 - 40 r.p.m) and having a rotor-wall 
clearance of 0.3 mm can usefiilly be adopted. The preferred mixing / attritioning action is a 
relatively slow kneading action, rather than a fast beating action, that will result in the 
shearing of one newly exposed face of the coal material against another. 

Within the compactor and following mixing / attritioning the plastic mass of coal material 
will be extracted by a suitably located discharge screw or screws that feeds the moist 
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attritioned coal to an extrusion head designed to impart the required extrusion pressure to 
fomi pellets sufficiently firm to withstand reasonable load immediately following their 
formation. The extmsion pressure applied will depend upon the nature of the coal material 
and its moisture content, but may vary between about 5 bar up to more than 50 bar, 
preferably betw^een about 8 bar and about 35 bar and most preferably between about 15 bar 
to about 25 bar, using a single screw extruder. Use of a twin screw extruder allows higher 
extrusion pressures to be applied. 

Using the preferred low pressure screw extrusion a coal moisture content of between about 
50% w/w and 70% w/w is preferred, although the desirable moisture content for extrusion 
will vary depending upon the nature of the coal. For Maddingley brown coal (from the 
Maddingley open cut mine at Bacchus Marsh, Victoria, Australia) the moisture content for 
extrusion is preferably 55% w/w to 65% w/w. It is of course far easier and less costly to 
add water, if required, than to remove water. When a coal has a higher moisture content 
than the desired level, the situation can be cheaply and easily rectified by recirculating 
dried coal fines into the plastic mass of coal material. 

The pellets thus formed typically have a moist surface that can be problematic in that the 
pellets will tend to stick together, if fed directly into the dryer of the invention. 
Accordingly, it is desirable to condition the pellets first. Conditioning is preferably 
effected by subjecting the pellets to surface drying, thus allowing the bonding / shrinldng 
reaction to proceed to an extent that allows the pellets to withstand subsequent handling 
and drying operations, without undue fracturing or disintegration. Preferably, the moist 
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pellets are disposed onto a conditioning bed and are subjected to heat, typically by being 
blown with preheated air. More preferably, the pellets are loaded onto a penneable 
surface, which allows the preheated air to be circulated freely about the pellets. The 
permeable surface is preferably a mesh conveyor belt, such as a polymeric or stainless steel 
5 mesh belt, wliich passes over one or more open topped chambers into which preheated air 
is blown. The preheated air may be provided by heat exchangers adjacent the open topped 
chambers, with air fed thereto by one or more fans. Typically the heat exchangers are 
heated using hot water, such as by using waste heat from steam turbine condensate (for 
example from power generation equipment), preferably at a temperahire of at least 50°C 
10 and more preferably at temperatures of at least 80°C or at least 120°C. This will serve to 
warm the ambient air to which the pellets are exposed preferably to between about 20°C to 
about 60°C. Preferably pellets are at depths of between about 30mm to about 200mm on 
the conditioning bed and are subject to conditioning for between about 10 mins and about 
4 hours, preferably between about 15 mins and about 150 mins and most preferably 
15 between about 25 mins and about 50 mins. 



After conditioning, the pellets are then fed to the inlet of the dryer of the invention. Where 
conditioning occurred on a mesh conveyor belt, the conveyor belt may transfer the 
conditioned pellets directly or indirectly (e.g. via one or more transfer conveyors) to the 
dryer inlet. It is preferred that the pellets are evenly distributed along the length of the 
inlet opening, such that the bed of pellets in the dryer is of substantially even depth. To 
achieve this, a shuttle conveyor may be employed to feed the conditioned pellets to the 
opening, with the period of travel extending substantially along the entire length of the 
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pellet bed. Tj^ically, the top of the bed of pellets forms into a mound. It is advantageous 
to bias the pellet feed such that the apex of the mound is closer to the gaseous outlet side 
than the inlet side of the dryer. 



The drying plant further includes a collection surface located so as to receive the dried 
pellets discharged from the dryer outlet. Dried pellets discharged from the dryer outlet 
accumulate and fomi a mound on the collection surface until the natural angle of repose is 
achieved, at which time fiirther flow from the outlet is essentially prevented. Typically the 
collection surface is an apron extending along the entire length of the outlet of the dryer. 
The collection surface may be stationary with respect to the dryer, or moving, but is 
preferably stationary. 



A removal means co-operates with the collection surface for removal of dried pellets as 
they are discharged, thereby allowing fiirther discharge of pellets to the collection surface 
until the angle of repose is again attained. The removal means is arranged such that there 
is relative movement between it and the collection surface. The removal means is 
preferably adapted to travel, along the length of the collection surface. It preferably 
comprises a blade or a scraper positioned to contact the pellets and push them off the 
collection surface for collection or transfer. In order to facilitate this action, the collection 
surface may be sloped in a direction away from the outlet. 



The pellets thus removed may be collected on a moving conveyor, which transfers them to 
storage or as feed to another process. In this embodiment the discharge scraper typically 
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moves along the collection surface in a direction opposite to the direction of travel of the 
moving conveyor. 

Referring to Figure 1, a di-yer 10 for drying particulate material 1 1, in this case pellets of 
5 brown coal, is illustrated. The dryer 1 0 includes a substantially vertical elongate container 
14 having an upper, open inlet 16, for receiving the particulate material 11, and a lower 
outlet 18 through which said particulate material 11 is discharged after drying. The 
particulate material 11 travels from the inlet 16 to the outlet 18 under the influence of 
gravity. The dryer 10 also includes two, opposed gas penneable substantially vertical 
0 walls, 20a and 20b, tlirough wliich a drying gas, in this case air, can pass in order to dry the 
particulate material 1 1. 

The outlet 18 is formed by a gap between the converging lower extensions 28a and 28b of 
the gas permeable walls 20a and 20b, respectively. The converging lower extension 28a is 
5 longer than lower extension 28b, meaning that the outlet 18 opens slightly laterally of the 
dryer 10. 

A collection surface 22 is positioned so as to receive the dried particulate material 1 1 as it 
is discharged from the outlet 18. In the embodiment shown in Figures 1 and 2, the 
collection surface 22 comprises an apron 24 extending in a substantially horizontal 
direction from the lower extension 28a. The apron 24 is contiguous with the lower 
extension 28a and together they define one lateral extent of the discharged material 11. 
The other lateral extent is detemiined by the natural angle of repose of the mound 26 
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fomied on the apron 24 as the material 11 is discharged under gi-avity. The flow of 
particulate material 1 1 substantially stops once the natural angle of repose is attained. The 
dried particulate material can be regularly removed from the mound 26 using a removal 
means in this case comprising a travelling scraper 30. The arrow 32 shows the direction of 
movement of the scraper 30 along the apron 24. Particulate material removed by the 
scraper 30 is collected onto a moving conveyor 34 travelling in a direction indicated by 
arrow 36. As particulate material is removed from the mound 26, more dried particulate 
material 11 is able to flow from the outlet 18 until the natural angle of repose is again 
achieved. Preferably, the feed of moisture containing particulate material 1 1 to the inlet 16 
is controlled so as to keep the level of particulate material 1 1 in the dryer 10 substantially 
constant as it is removed from the apron 24. 

As previously stated, the dryer 10 includes two substantially vertical permeable walls 20a 
and 20b. As illustrated in Figure 1, the walls 20a and 20b are both substantially vertical, 
given that the particulate material in the dryer shrinks upon drying, thereby avoiding 
"bridging" within the dryer 10 and consequent obstruction of material flow. However, if 
the particulate material were of some other composition which did not shrink upon drying, 
it may be beneficial to arrange the w^alls 20a and 20b such that they are orientated at a 
shght angle to vertical with the walls closer together at the tops than at the bases of the 
permeable sections. 

Each gas pemieable wall 20a and 20b includes a plurality of openings 38 therethrough. 
Each opening 38 is of a size such as to allow drying gas (in this case air) therethrough, but 
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each opening 38 is preferably oriented or sized so as to substantially prevent passage 
therethrough of the particulate material. 

Each gas pemieable wall 20a and 20b comprises a substantially continuous conaigated 
plate 40a and 40b, respectively. Figures 4 and 5 show a perspective view and a cross- 
section, respectively, of a section of corrugated plate 40 in greater detail. Each corrugation 
42 comprises a wider, supporting leg 44 and a narrower, pemieable leg 46, wherein the 
angle between the supporting and penneable legs is approximately 90°. As shown in 
Figure 5, the supporting leg 44 makes an angle of about 14.3° with the vertical . The 
supporting legs 44 bear the majority of the load of the particulate material. The permeable 
legs 46 include a plurality of openings 38 therethiough, which in this case comprise a 
single row of evenly spaced openings 38 along the length of each permeable leg 46. 

On the exterior surfaces of the permeable walls 20a and 20b are provided air plenums 50 
and 48, respectively, which are divided into air plenum zones 48a, 48b, 48c, 50a, 50b, 50c. 
hilet air plenum zones 48a, b and c are provided on permeable wall 20b. Each of plenum 
zones 48a, b and c include an mlet vent 52a, b and c, respectively through which the drying 
gas, in this case preheated air, is admitted. The admitted air is sucked into the ingress 
openings 38a under action of an induced draft fan (not shovm). 



On the other side of the dryer 10, outlet plenums are provided comprising outlet air plenum 
zones 50a, b and c. Each outlet air plenum zone 50a,b,c includes an extract duct 54a,b,c, 
respectively, through which the drying air is extracted after use. The extract ducts 54a,b,c 
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are all connected to an induced draft fan (not shown), which draws drying air into the inlet 
plenum zones 48a, b and c, through the particulate charge 11 to the outlet plenum zones 
50a, b and c, which is then exhausted through the extract ducts 54a, b and c. 

5 The inlet 16 is defined by a gap betv^^een the converging upper extensions 56a and 56b of 
the gas pentieable walls 20a and 20b, respectively. The tapered nature of the upper 
extensions 56a and b leading to inlet 16 enables the top of the bed of particulate material to 
form into a mound. The distance from the apex of the mound 58 to the uppemiost gaseous 
openings 38a is preferably greater than the width of the particulate bed. 

10 

Figure 3 illustrates a second embodiment of a dryer 110 of the invention which comprises 
a series of adjacent dryer unit cells 160, which are separated at substantially regular 
inteivals by internal membrane walls 162. Each unit cell 160 includes t^vo opposed 
louvred walls 120a and 120b having the same basic construction as shown in Figures 4 and 
15 5. These walls have converging lower extensions 128a and 128b, which are tapered 
towards an outlet 118. Each membrane wall 162 extends the entire heiglit and width of the 
dryer such as to effectively isolate the interior of each cell 160 from each other. Adjacent 
unit cells 160 share a common membrane wall 162. 

20 Figures 6a and 6b together illustrate a drying plant 200 incorporating the dryer 210 of the 
invention. The plant 200 also includes a compactor, indicated generally by the reference 
numeral 270, a conditioning bed, indicated generally at 271, a conveyor indicated 
generally at 272, discharger 273 and pellet remover 274. 
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Referring to Figure 6a, a coal hopper 275 feeds brown coal to a coal surge hopper 276 via 
various conveyors 277a, b and c. The coal is discharged from the coal surge hopper 276 
onto a weigh belt 277 from which it is fed to a bucket elevator 278. The coal is then 
screened on vibrating screen 279 and the fine fraction fed to a compactor 270 comprising a 
twin screw mixer 280 (where water is added to form a brown coal-water mixture) and an 
extmder 281, where the material is extruded as pellets onto an oscillating conveyor 282, 
from which the pellets are conveyed to the conditioner 271 . 

The conditioner 271 includes a conditioning belt comprising a stainless steel mesh 
conveyor belt 283 which passes over a plurality of open topped chambers 284a, 284b and 
284c into which preheated air is blown. Each of chambers 284a, b and c are hopper shaped 
and include clean out doors 285a,b and c, respectively. The oscillating conveyor 282 
ensures that pellets are evenly distributed across the width of the conditioning belt 283 so 
that even surface drying of the pellets is enabled. 

After conditioning, the pellets are transferred to the dryer 210 via conveyor 272 
comprising various intermediate conveyors 286a, 286b and 286c. The features and 
operation of the dryer 210, the discharger 273 and pellet remover 274 are substantially the 
same as the corresponding features in Figures 1 and 2, where like reference numerals refer 
to like parts. 
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A third embodiment of the dryer of the invention is shown generally at 310 in Figure 7, in 
which like reference numerals relate to like parts. Discussion of Figure 7 will focus on 
those features that differ from the embodiment shown in Figure 1. The dryer 310 includes 
air plenums 348 and 350 provided on the surfaces of the permeable walls 320b and 320a, 
respectively. The air plenums 348 and 350 are divided into air pleniun zones 348a, b, c 
and d and 350a, b, c and d, respectively. The drying gas, comprising preheated air, is 
sucked into plenum zone 350d and through the elongate container 314 into the opposing 
plenum zone 348d, by virtue of an air circulation means, comprising a fan 351 located in 
the opposing plenum zone 348d. An opening 353 bet^A^een adjacent plenum zones 348d 
and 34Sc allows the air stream to be sucked into plenum zone 34Sc under action of a 
second fan 355 located in plenum zone 350c. The air stream therefore travels from plenum 
zone 348c, through the container 314 into the opposing plenum zone 350c. From there, the 
air stream travels through another opening 357 between adjacent plenum zones 350c and 
350b and back tlirough the container 314 into plenum zone 348b under action of a third fan 
359. The air stream is then sucked into adjacent plenum zone 348a through opening 361, 
back through the container 314 and into opposing air plenum zone 350a under suction 
created by a fourth fan 363, Used air entering the plenum zone 350a exits via a conduit 
365 and enters a desiccator 367 where moisture removed from the particulate charge (not 
shown) is removed. Heated air leaves the desiccator and is recycled back via conduit 369 
to the plenum zone 350d, where it is again circulated through the other plenum zones and 
container. 
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Finally, it is to be understood that various alterations, modifications and/or additions may 
be introduced into the constructions and arrangements of parts previously described 
without departing from the spirit or ambit of the invention. 



